Abstract. In this paper, recent STAR heavy flavor measurements in proton-proton and heavyion collisions are highlighted. We report studies of open charm mesons, reconstructed directly from hadronic decay products, and studies of electrons from semi-leptonic decays of heavy flavor hadrons. We also present J/ψ measurements via the di-electron decay channel at various collision systems and energies. In Au+Au collisions the energy dependence of J/ψ production measured at √ sNN = 39, 62.4 and 200 GeV is shown. Finally, prospects of heavy flavor measurements with the STAR detector upgrades are discussed.
Introduction
Heavy quarks are produced at the initial hard-scattering stage of the ultra-relativistic heavy-ion collisions at Relativistic Heavy Ion Collider (RHIC). Heavy quarks are expected to interact with the hot and dense medium created in RHIC high energy collisions differently from light quarks therefore they serve as unique probes of the properties of the Quark-Gluon Plasma (QGP). Heavy quarks may also help to understand the parton energy loss mechanism and the degree of the medium thermalization since their production and elliptic flow are sensitive to the dynamics of the medium.
Moreover, studies of production of various quarkonium states in heavy-ion collisions can provide insight into the thermodynamic properties of the hot and dense medium. It was proposed that due to a Debye screening of the quark-antiquark potential in the hot medium quarkonia are dissociated and thus this "melting" can be a signature of the QGP formation. Also, since different quarkonium states have different binding energies they are expected to dissociate at different temperatures and can be treated as a QGP thermometer. But there are other mechanisms that can alter quarkonium yields in heavy-ion collisions relative to p + p collisions, for example cold nuclear matter effects (shadowing/anti-shadowing, final state nuclear absorption) or statistical coalescence of heavy quark-antiquark pairs. Systematic measurements of the quarkonium production for different colliding systems, centralities and collision energies may help to understand the quarkonium production mechanisms in heavy-ion collisions as well as the medium properties.
Open Heavy Flavor

D mesons
Open charm mesons can be directly reconstructed via their hadronic decays products (e.g.
In this way, a direct access to the heavy flavor hadron kinematics is obtained. But it is difficult to trigger and the reconstruction is challenging without a good secondary vertex resolution. Since STAR did not have a good secondary-vertex detector when the data that are presented in this paper were recorded, the large combinatorial background contribution is estimated and subtracted on statistical basis using particle combinations with wrong charge signs or from different events.
(GeV/c) [2] is also shown as open circles. The dashed curves represent Levy functions fitted to the p + p data and scaled up by the number of binary collisions (N bin ) for each centrality bin. The charm production cross-section at mid-rapidity in the 0-10% central collisions is found to be dσ N N cc /dy = 148 ± 15 (stat.) ± 19 (sys.) µb and the cross-sections per nucleon-nucleon collision show a number-of-binary-collision scaling from p+p to Au+Au that indicates that charm quarks are mostly produced in the initial hard processes [1] .
In the most central Au+Au collisions a strong suppression at high p T compared with the corresponding Levy function is observed. To quantify the suppression, the nuclear modification factor (R AA ) is calculated and shown in Fig. 2 as a function of p T for different centrality bins [1] . No suppression is seen for peripheral collisions, while for the most central collisions the R AA is about 0.5 for p T > 3 GeV/c. This suppression at high p T is also consistent with those of nonphotonic electrons (see Sec. 2.2, shown in Fig. 6 ) and light hadrons, π ± , (shown in Fig. 3(d) ). The 0-10% result is compared with different model predictions [3, 4, 5, 6, 7, 8, 9, 10] . The mid-p T enhancement seen in the data can be described by models that include strong charm-medium interactions and charm quark hadronization via coalescence with light quarks. Solid and dashed lines represent Levy function scaled by the number of binary collisions for U+U and Au+Au, respectively.
Non-photonic electrons
Open heavy flavor mesons can also be studied using electrons from their semi-leptonic decays (non-photonic electrons, NPE). The branching ratio for this process is higher and it is relatively easy to trigger on high-p T electrons. The disadvantage of this method is that it gives an indirect access to the heavy flavor hadron kinematics and it contains contributions from both charm and beauty hadron decays. NPE p T spectra for Au+Au collisions at √ s N N = 200 GeV at mid-rapidity together with the FONLL upper limit calculations [12] scaled up by N bin are shown in Fig. 4 for different centralities. The NPE production in the most central and mid-central collisions is suppressed compared to the FONLL calculations. STAR has also obtained the first result of the NPE production in Au+Au collisions at Solid lines represent the upper limit of FONLL calculations scaled by a number of binary collisions in a given centrality. ISR results [13] are also shown.
NPE R AA in the most central Au+Au collisions (0-10%) at √ s N N = 200 GeV at mid-rapidity is shown in Fig. 6 as a function of p T . A strong suppression, similar to above-mentioned D 0 result, is seen at high p T . Figure 7 shows the measured elliptic flow of NPE in Au+Au collisions at √ s N N = 200 GeV at mid-rapidity [14] . The measurement is done using the two-(v 2 {2}) and four-particle (v 2 {4}) correlations. v 2 {2} and v 2 {4} are finite at p T > 0.5 GeV/c and results obtained from both methods are consistent with each other. Also, at p T > 4 GeV/c an increase of v 2 is observed that is probably due to jet-like correlations [14] . The measured R AA and v 2 are compared with different model predictions. The gluon radiation scenario alone (DGLV) [15] fails to describe the large NPE suppression while adding collisional energy loss improves the agreement with the data. The R AA can be described by the collisional dissociation model [10] and AdS/CFT calculations [16] . The partonic transport model, BAMPS [17, 18] describes the v 2 data well but it underpredicts the NPE R AA result. The He et al. [3, 19] and the Gossiaux et al. [5, 20, 21 ] models underpredict v 2 {2} but they are in a good agreement with the measured NPE R AA . The Gossiaux et al. model includes radiative and collisional energy loss and the He et al. model is a TMatrix interactions model. In general, it is challenging to describe well NPE R AA and v 2 simultaneously.
Quarkonia
Quarkonia at STAR are measured via the di-electron decay channel at mid-rapidity (|y| < 1). STAR has observed significant suppressions of Υ production in central Au+Au collisions at √ s N N = 200 GeV compared to p + p collisions, more details can be found here [22] . Here, we will focus on low and high-p T inclusive J/ψ measurements at different collision energies. GeV [23] . At p T > 2 GeV/c v 2 is consistent with zero. Comparing to different model predictions [28, 29, 30, 31] , data disfavor the scenario that J/ψ with p T > 2 GeV/c are dominantly produced by coalescence from thermalized (anti-)charm quarks. Figure 10 shows J/ψ R AA as a function of the number of participant nucleons (N part ) in Au+Au collisions at √ s N N = 200 GeV. The low-p T (< 5 GeV/c) result [24] is shown as black full circles and the high-p T (> 5 GeV/c) measurement [25] as red full circles. Suppression increases with collision centrality and R AA for high-p T J/ψ is systematic higher than the low-p T J/ψ R AA . At high p T no significant suppression in peripheral and mid-central collisions is seen while in central collisions (0-30%) a strong suppression is observed which may indicate color screening features -at p T > 5 GeV/c the recombination and initial parton scattering effects are expected to be negligible [25] . Rapp model predicts similar suppression levels, and within the uncertainties the model agrees with the data (Fig. 11 ).
4.
Outlook STAR has two new detectors, fully installed and taking data in 2014: Heavy Flavor Tracker (HFT) and Muon Telescope Detector (MTD) [35] . The HFT is a silicon vertex detector. It allows precise open heavy flavor measurements, v 2 or R AA , and to distinguish between charm and bottom. Projected D 0 elliptic flow v 2 measurement using the HFT detector is shown in Fig. 12 .
With the HFT it will also be possible to study non-prompt J/ψ production from B meson decays using the displaced vertex. The MTD is situated outside the STAR magnet which is used as an absorber. The detector enables muon identification in STAR and so quarkonia measurements in the di-muon decay channel which is cleaner comparing with the di-electron decay channel. It has also excellent mass resolution that is particularly important for measurement of different Υ states. Figure 13 shows precision projection for R AA of different Υ states with the MTD detector.
With the MTD open heavy flavor studies can be also performed, using electron-muon correlations. 
